Spinal high-velocity lowamplitude manipulation with exercise in women with chronic temporomandibular disorders A randomized controlled trial comparing to patient education Temporomandibular disorders (TMD) are musculoskeletal conditions characterized by painful conditions and dysfunctions in the muscles of mastication, the temporomandibular joint (TMJ), and related-tissue components [26] . The prevalence of TMD is estimated to be between 3% and 15% [25] . Primarily middle-aged adults suffer from TMD pain and women are affected twice as often as men [21] . The origin of TMD is multifactorial, comprising local factors such as trauma, occlusal changes, oral parafunctions, and joint overload leading to internal derangement of TMJ and muscles of mastication, together with psychological factors such as depression, anxiety, posttraumatic stress syndrome, or somatization and social factors [15, 28] .
Several studies have shown that TMD is associated with other painful conditions such as headache and neck pain [19, 34, 36, 37] . In a population-based study, 53% of those with TMD had severe headache/migraines and 54% had neck pain [32] . When evaluating the prevalence of neck pain in patients with TMD, it was presented that patients had twice the risk of experiencing neck pain as the general population [9] . In a recent study, painful cervical dysfunctions were determined in 88.24% of patients with TMD compared to 51.35% of patients without TMD [38] . Previous studies have shown that cervical dysfunctions may influence the temporomandibular region and vice versa [5, 6, 12, 18] . A human study found that painful stimulation of the greater occipital nerve responds with referred pain patterns within the distribution of the trigeminal nerve [30] . Regarding recent studies, latent trigger points in masticatory muscles were presented significantly more frequently in patients with chronic neck pain [10] , and a positive correlation was observed between cervical and masticatory muscle sensitivities in patients with TMD [2, 31] . According to the literature, most studies reported that the relationship between these conditions could be explained by the neuroanatomical convergence of trigeminal and upper cervical afferents in the medullary dorsal horn of the spinal cord (trigeminal caudal nucleus). Evidence from basic studies on animals has demonstrated the convergence of trigeminal and upper cervical afferents [3, 4, 39] , and there is also evidence of this mechanism in humans [7, 30] . Chronic nociceptive inputs from trigeminal and cervical areas cause central hyperexcitability of the second-order neurons in spinal and/or supraspinal levels [8, 24] . Interaction between trigeminal and upper cervical second-order neurons in the spinal trigeminal subnucleus caudalis may enable the bidirectional transmission of nociceptive information [17, 37] . Due to the pathophysiological relationship, cervical dysfunctions can influence the temporomandibular system.
The aim of this study was to investigate the possible effects of HVLA manipulation of the upper cervical spine combined with neck exercise on pain modulation in the trigeminal area as well as its association with jaw pain intensity, pressure pain thresholds (PPT) of masticatory muscles, pain-free maximum mouth opening (MMO), and quality of life.
Patients and methods

Study design
This prospective, randomized controlled clinical trial used a computer-generated randomization sequence (QuickCalcs; GraphPad, La Jolla, CA, USA) to assign patients to three groups: HVLA upper cervical spinal manipulation plus neck exercises (CSM + NE), sham manipulation and neck exercises (SM + NE), and patient education only (PE). All patients were clinically examined and diagnosed with TMD according with the Research Diagnostic Criteria for Temporomandibular Disorders (RDC/TMD) guidelines [13] . All assessments of the outcome measures were evaluated at baseline, after six treatment sessions (posttreatment, at least 72 h after the last intervention), and at 1-month followup.
The interventions were performed by the same physician who had at least 4 years' experience with manual therapy and had completed a manual medicine training program according to the Core Curriculum and the Guidelines for Basic Training and Education in Manual/Musculoskeletal Medicine issued by the International Federation for Manual/Musculoskeletal Medicine (FIMM; http://www.fimm-online.com).
Participants
Sixty women aged between 18 and 50 years diagnosed with TMD were recruited at the Department of Physical Medicine and Rehabilitation in the Faculty Hospital. The faculty's Ethics Committee approved the study protocol in conformity with the Declaration of Helsinki. All participants provided written informed consent at the beginning of the study after receiving full information about its procedures and purposes. The inclusion criteria were signs and symptoms of exclusively TMJ and cervical pain and dysfunction, i. e., the presence of a unilateral or bilateral painful TMD associated with myofascial pain of at least 6 months' duration, which was classified as category I and/or II (muscles of mastication disorders and/or disc displacements) according to RDC/TMD criteria and with a minimum jaw pain score of 3 points. Furthermore, the patients had to have at least one segmental dysfunction of the upper cervical spine in all groups (by functional and pain provocation tests).
Patients were excluded if they presented with any of the following diagnoses: isolated disc displacement, arthrosis or arthritis of the TMJ according to the RDC/TMD, history of trauma (trauma by birth, whiplash injury, mandibular condyle fracture), or psychosocial stress. In addition, any red flags (vertebral tumor, fracture, dislocation and infection, metabolic diseases, rheumatic and connective tissue diseases, systemic neuromuscular diseases, prolonged history of steroid use), diagnosis of any structural spinal disorders (osteoporosis, disc herniation, myelopathy, spinal stenosis, spondylolisthesis), prior surgery to the cervical spine or TMJ, and medication for tension-type headache or migraine led to exclusion. Treatment for jaw or neck pain within the last 1 month and pregnancy were also reasons for exclusion.
Outcomes
Pain intensity
Self-reported jaw pain intensity was evaluated withthe numeric rating scale (NRS) presented in RDC/TMD. Patients were asked about the average pain intensity that they had felt in the past week.
Pressure pain thresholds
PPT of masseter and temporalis anterior muscles were measured with a mechanical pressure algometer (Pain Diagnosisand TreatmentInc., GreatNeck, NY, USA) consisting of a rubber disc (1 cm 2 ), attached to a pressure gauge which was used in this study. The dial of the gauge is calibrated in kg/cm 2 and the range of the algometer is 0 to 10 kg with 0.1 kg divisions. The PPT protocol was designed as three consecutive measurements of each site of the masseter and temporalis anterior muscles with a pressure rate of 0.5 kg/s and with an interval of 30 s between each of the measurements [33] . The average of the last two measurements was calculated to obtain a single value for each of the measured sites in each assessment. PPT were assessed at two sites in the masseter muscle (M1: 2.5 cm anterior to the tragus and 1.5 cm inferior to the zygomatic arch and M2: 1 cm superior and 2 cm anterior to the mandibular arch) and one site in the temporalis muscle (T1: 3 cm superior to the midpoint between the end of the eye and the anterior part of the helix) [22] . Compression pressure was gradually increased until the pressure sensation turned into pain or discomfort, and the pressure value at that point was recorded.
Pain-free maximum mouth opening
The distance between the incisal ends of the maxillary and mandibular reference teeth was measured as recommended in RDC/TMD. Patients were asked to open their mouths as wide as possible without pain while they were sitting in an upright position. Pain-free MMO capacity was evaluated in millimeters with a 10-cm ruler.
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Background. Evidence indicates that manual therapy alone or in combination with exercise can be beneficial for temporomandibular disorders (TMD). However, there is still insufficient information demonstrating the effectiveness of treatment directed to the cervical spine for the management of TMD. Objective. To investigate the effects of spinal high-velocity low-amplitude (HVLA) manipulation with exercise compared to patient education in patients with chronic TMD. Another objective was to assess the effects of adding spinal HVLA manipulation to exercise. Patients and methods. Sixty female patients with TMD were randomized to three groups: cervical spinal manipulation plus neck exercise (CSM + NE), sham manipulation plus neck exercise (SM + NE), and patient education only (PE). Scores on a numeric rating scale (NRS), pressure pain thresholds (PPT), pain-free maximum mouth opening (MMO), and Short Form 36 (SF-36) were evaluated at baseline, posttreatment, and 1-month follow-up after randomization. No further treatment of TMD (like dental correction) was applied during the study period. Results. In terms of pain, significant differences were observed in the CSM + NE group vs. the SM + NE and PE groups posttreatment. Although PPT increased significantly in the CSM + NE group, no significant changes in any PPT were found in either the SM + NE or PE group. Regarding pain-free MMO and SF-36 scores, there were significant increases posttreatment in the CSM + NE and SM + NE groups compared to the PE group. Conclusion. Our study suggests that HVLA manipulation of the upper cervical spine with neck exercise can be effective for treatment of pain and dysfunction in patients with chronic TMD, it is not the TMD treatment itself. Therefore, it seems reasonable to add cervical manipulation to the rehabilitation program. 
Keywords
Short Form 36
Self-reported health-related quality of life was assessed by Medical Outcomes Study (MOS) with the 36-item Short Form Health Survey (SF-36) developed for use in a wide range of diseases including TMD [35] . In this questionnaire, 36 items rated on Likert scales are summed and then transformed into two summary scales: physical component summary (PCS) and mental component summary (MCS) scores.
Interventions
Cervical spinal manipulation
Spinal manipulation was performed using a segment-specific technique for segmental dysfunctions of the upper cervical spine as described below (. Fig. 1 ): 4 The patient sits in an upright position on a stool with the physician standing at the side of the patient, which is the opposite side of the identified segmental irritation. 4 The physician's pelvis is placed in front of the patient's shoulder. The physician's middle finger on the manipulation hand is placed in a parallel position to the upper transverse process of the identified dysfunctional segment while resting the forearm in a supinated position and elbow in a slightly flexed position. 4 The hypothenar eminence of the holding hand is placed on the mastoid. The cervical spine is guided to a lateral inclination of approximately 15-20°and slight flexion with both hands of the physician without any rotational movement. 4 The manipulation hand comes into deep contact with transverse processes, with the middle finger supported by the index finger, and deep force is applied in a dorsal to ventral direction. 4 The physician's fingers of the manipulation hand remain in deep contact with the preliminary ventrally directed tension on the transverse process, while bilateral tension of the latissimus dorsi muscle as well as the pectoralis major muscle leads to shoulders being maintained horizontally.
Sham manipulation
Sham spine manipulation was performed at another segment using a HVLA manipulation to give the patient the same mechanical and acoustic sensations. This sham technique is designed to treat the cervicothoracic junction by an impulse to the spinous process of C7 (. Fig. 2 ). This technique in a prone position was applied if the patient had no dysfunctional segment of the cervicothoracic junction. Therefore, this sham procedure avoided any influence on the upper cervical spine and any harm to the patient.
Neck exercises
These patients were asked to perform a home exercise program three days per week, with at least one day between each session, until the follow-up. Patients were instructed on how to perform the exercises at home. They were supervised individually after every manipulation session. Three sets of five repetitions per set for each exercise were performed with a 30-to 60-second rest period between sets. The exercise program consisted of cervical range of motion exercises that served as a warm-up, followed by stretching exercises of the neck and upper body muscles (trapezius, levator scapula, sternocleidomastoid) and strengthening exercises of the neck (cervical isometrics and concentric contraction of deep neck flexor muscles).
Education
These patients were informed about the causes and associations of complaints, treatment options, and management of symptoms to effectively contribute to their care during treatment and followup. The education program consisted of information about resting the TMJ and masticatory muscles by limiting jaw 
Results
The final study sample consisted of 55 patients; 5 patients were excluded from the final analysis due to side effects after the first manipulation session (headache in one patient and dizziness in another patient in the CSM + NE group), discontinued therapy (one in the SM + NE and one in the PE group), and insufficient followup (one in the PE group; . Fig. 3 ). Demographic and clinical characteristics of the patients were obtained at the baseline assessment and summarized in . Table 1 . There were no statistically significant differences among the three groups in relation to demographic variables and baseline assessments of outcome measures. Baseline, posttreatment, and followup mean (standard deviation) values relevant to outcome measures (NRS, PPT, pain-free MMO, PCS, and MCS scores), and within-group comparisons are given in . Table 2 .
The NRS displayed a significant difference in the CSM + NE group compared to the SM + NE and PE groups posttreatment. However, no significant difference was found between the study groups at the 1-month follow-up (. Table 3 ).
PPT changes except for the right masseter-M2 and right temporalis were significant in the CSM + NE group compared to the SM + NE and PE groups at each time point. No significant changes in any PPT were found in either the SM + NE or PE group (. Table 3 ).
There were significantlybiggerchanges on pain-free MMO in the CSM + NE and SM + NE groups compared to the PE group posttreatment. However, these significant differences disappeared between SM + NE and PE groups at the 1-month follow-up (. Table 3 ).
The PCS and MCS scores increased significantly in the CSM + NE and SM + NE groups compared with the PE group posttreatment. However, these significant differences disappeared between SM + NE and PE groups at the 1-month follow-up (. Table 3 ).
Discussion
This prospective randomized controlled trial demonstrates that in the presence of TMD, the HVLA manipulation of the upper cervical spine combined with a neck exercise program reduced jaw pain intensity at least for a limited period, and increased the PPT of masseter and temporalis muscles as well as pain-free MMO; moreover, it improved quality of life in women with TMD after treatment and at the 1-month follow up. The findings of our study are in accordance with a recent systematic review and meta-analysis demonstrating strong favorable effects of cervical manual therapy in TMD [1] .
In the literature, the first study by La Touche et al. [22] evaluating the effectiveness of upper cervical mobilization with neck exercises in TMD reported significant effects on PPT of masticatory muscles. However, the lack of a control group in this study does not allow distinction of the actual treatment effect in TMD. Oliveira Campello et al. [29] reported that atlanto-occipital joint manipulation and suboccipital muscle inhibition increased PPT on the latent trigger points of masticatory muscles in asymptomatic patients immediately after application of the technique when compared to a control group. In this study, an increase of approximately 0.2 kg/cm 2 in PPT, which was not clinically significant, was observed on the latent trigger points in the trigemi- Right masseter-M1
CSM + NE 1.7 ± 0. nal region. This limited mechanical hypoalgesic effect might be because symptomatic patients were not included in the study. In our study, the PPT significantly increased in the upper cervical manipulation group, while there were no changes in the PPT in both the sham manipulation and education groups. This may reflect the effect of upper cervical manipulation on pain modulation in the trigeminal region. This is probably due to the interruption of nociceptive stimulus from the upper cervical area. Another study by La Touche et al. [23] suggested greater effectiveness of anterior-posterior upper cervical mobilization in improving pain intensity (visual analog scale [VAS] score) and PPT of masticatory muscles after the second and third sessions of treatment in patients with temporomandibular and neck pain when compared to the control group. In this study, VAS and PPT values were gradual and consistent, improving after treatment sessions, but long-term effects were not achieved. Therefore, it is possible that they will have missed an effect that developed over time. In our study, similar significant favorable posttreatment effects on the NRS were not maintained at the 1-month followup. This limitation of the pain reduction is probably related to the recurrence of the cervical dysfunction, as there was no causal TMD therapy by a dentist or an orthodontist during the study period. Two studies evaluated mouth opening in asymptomatic individuals immediately after the manual therapy treatment compared to the control group. Among these, George et al. [16] observed no improvement, whereas Oliveira Campello et al. [29] noted significant improvement in mouth opening. Since asymptomatic individuals were assessed in these studies, the clinically significant measurement of pain-free MMO could not be used. Previous studies showed that injuries to the cervical region might alter masticatory motor control and reduce mandibular functions [14, 20] . Mansilla-Ferragut et al. [27] reported significant improvement on pain-free MMO in patients with neck pain immediately after atlanto-occipital joint manipulation compared to sham manipulation. In this regard, cervical manipulation might positively influence cervical movements, which can affect temporomandibular movements if cervical dysfunction is present. Moreover, De Laat et al. [11] indicated significant limitation in the mobility of the upper cervical segments in patients with temporomandibular pain. It is highly likely that functional integration exists between jaw and cervical movements. Only one study by La Touche et al. [22] has shown that mobilization of the cervical spine, together with cervical spine exercises, leads to increased pain-free MMO in the long term in a series of patients with TMD. Regarding pain-free MMO in our study, there were significant increases posttreatment in both groups of cervical intervention compared to the education group. However, this effect was larger in the cervical manipulation group and persisted during follow-up. It was possible that the changes in pain-free MMO in the sham manipulation group were the reflection of increased cervical mobility in response to exercise. A significant difference in the sham manipulation group is expected to disappear during follow-up, because our intervention program did not specifically target treatment of cervical dysfunctions or change any asymmetry in functional occlusion. Additionally, it may be related to the lack of supervised exercises during follow-up. We found more improvement in both PCS and MCS scores in the manipulation and sham manipulation groups compared to the education group posttreatment, despite the lack of evaluation of quality of life in previous studies. It is apparent that the changes in PCS and MCS scores may have been associated with pain intensity and mandibular functions.
Strengths and limitations of the study
To our knowledge, this study is the first randomized clinical trial to directly compare the effectiveness of upper cervical manipulation, sham manipulation, and education in patients with TMD. Our study design allowed us to assess the added benefit of upper cervical spinal manipulation in combination with exercise and to evaluate the effects of spinal HVLA manipulation with exercise compared to the control group. The patient education group was the control group. In our study, it is important that manipulation is applied only to the upper cervical segments where dysfunction is detected. In contrast, many previous studies used manual therapy applications non-specifically, although the effects of manual therapy applied to the non-dysfunctional cervical segment are controversial. The chosen sham manipulation in this trial is related to the actual manipulation.
When the limitations of our study are evaluated, the duration of follow-up in our study is short. As we expected, due to a lack of causal TMD therapy, recurrences developed fast. Compliance with exercise was not measured during the follow-up, and therefore, we do not know whether this affected the outcomes. Another limitation of our study is that we were unable to blind the patients or treating physician due to the study design. However, independent examiners who were blinded to treatment allocation and clinical evolution could have been involved in the trial.
In addition, manual manipulative treatment to the upper cervical spine can only be recommended in cases where there is no further component besides real upper cervical and temporomandibular dysfunction, i. e., no causes outside the TMJ, the occlusion of the teeth, and the control of the masticatory muscles. As TMD is a very complex condition, taking of a most detailed case history and performing exact examination of the patient's whole body and psychosocial conditions is essential to decide the most appropriate treatment of TMD.
Conclusion
Our data provide new evidence about the efficacy of treatment for TMD focused on the upper cervical region. The findings of this study indicate that HVLA manipulation, which is used as a noninvasive treatment for cervical dysfunction, can be used with neck exercise for the management of patients with chronic TMD. Based on the results, our study proves that upper cervical spine manipulations play an important role in the treatment of pain and dysfunction in the presence of TMD by interruption of the nociceptive vice versa effects of trigemino-cervical convergence. However, this role is only one aspect along the path to curing TMD, as it is also necessary to promote occlusal adjustment to prevent recurrence. Although these results are encouraging, large-scale interventional studieswith the additional treatment of occlusion asymmetry and longer follow-up periods are still necessary to confirm these results for the management of patients with TMD and long-term efficacy.
